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An agent for reducing the cholesterol level in the blood of a warm blooded animal comprises a plurality of vesicles prepa- ' 
red from a non-toxic, non-biodegradable, semi-permeable material, and a quantity of a bile acid sequestrant provided in liquid j 
form. The liquid sequestrant is disposed within the vesicles in an amount by volume ofup to ninety percent of the available inter- : 
nal volume of the vesicle. The vesicles selectively permit the ingress of bile acids, and may preferably possess an electrical charge I 
on their outer surface to assist the passage of the bile acids therethrough. The present invention includes a method for reducing j 
the cholesterol level in the blood, comprising administering the reducing agent Oral administration is preferred, and, in one em- \ 
bodiment, the reducing agent comprising a plurality of the vesicles may be contained within a capsule or the like. i 



! 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify S tates party to the PCT on the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


KP 


Democratic People's Republic of Korea 


AU 


Australia 


U 


Liechtenstein 


BR 


Brazil 


LU 


Luxembourg 


CF 


Central African Republic 


MC 


Monaco 


CG 


Congo 


MG 


Madagascar 


CH 


Switzerland 


MW 


Malawi 


CM 


Cameroon 


NL 


Netherlands 


DE 


Germany, Federal Reoublic of 


NO 


Norway 


DK 


Denmark 


RO 


Romania 


n 


Finland 


SE 


Sweden 


FR 


France 


SN 


Senegal 


GA 


Gabon 


SL- 


Soviet Union 


GB 


United Kingdom 


ID 


Chad 


HU 


Hungary 


TG 


Togo 


JP 


Japan 


US 


United Sates of America 



WO 82/00257 



PCT/US31/00922 



1 

Blood Cholesterol Reducing Agent and Method 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

The present invention relates to the reduction of cholesterol 
levels in the blood supply of warm blooded animals, and par- 
5 ticularly in humans. 

Description of the Prior Art : 

The condition known as atherosclerosis has long been recog- 
nized as a major contributor to death .due to cardiovascular 
failure. Particularly, it is determined that certain deposits 

10. of fatty tissue, known as lipids develop on the internal 

walls of arteries, and cause constrictions which drastically 
reduce blood flow and place greater strain on the heart. 
Also, these fatty deposits frequently dislodge and form emboli 
that can lodge in other vessels and result in their total 

15* blockage. Though a variety of causes have been outlined and 
are under study, the development of the condition, known as 
hyperl ipidemia , wherein such fatty deposits form, has been 
studied and determined to be directly related to excessively 
high levels of the compound cholesterol in the blood stream. 

20 Specifically, increased risk for premature ischemic heart 

disease in young men has been found when the cholesterol concen- 
tration exceeds two hundred and twenty (220) milligrams per one 
hundred (100) millileters of blood plasma. 

A variety of treatments have been developed in recen- years 
25 and proposed for reducing the cholesterol level in the blood. 
Specifically, one of the approaches has been to sequester or 
complex bile acids and remove them from the system. It has 
been found that v. hen the bile acids are so removed from the 
enterohepatic circulation, there is an increased hepatic conver- 
se s i o r. of cholesterol to b i 1 e* a c i d s . Thus, in instances where 
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bile acid levels were reduced, cholesterol levels dropped . 
Specifically, cholestyramine, a resinous bile acid see lies zr-r. z 
comprising a copolymer of styrene and divinyl benzene and con- 
taining trimethyl benzyl ammonium groups, was administered 
in amounts of 12 to 23 grams to human test patients, and cho- 
lesterol levels dropped 25%. 

Though cholestyramine and other resins have been prepared and 
have been orally administered, their use has not been widely 
accepted. Specifically, the resins possess an unpleasant 
sandy texture and must be ingested in large amounts. Addi- 
tionally, the administration of these resins has been observed 
to cause nausea and constipation, and the resins have been 
found to lack the chemical specificity that is necessary to 
interact exclusively with bile acids; thus, frequently drugs, 
food materials and other anionic materials in the body will 
interact with the resin and will reduce the efficiency of its 
bi 1 e acid removal . 

a 

SUMMARY OF THE INVENTION 

An agent for reducing the cholesterol level in the blood of 
a warm blooded animal is disclosed which comprises a plurality 
of vesicles prepared from a non-toxic, non-biodegradable, semi 
permeable material, and a quantity of a bile acid sequestrant 
provided in liquid form. The sequestrant may be present in an 
amount of up to SOS by volume of the volume capacity of each 
vesicle. The vesicles are porous to permit the ingress of 
bile acids, and preferably selectively permit the passage of 
bile acids having molecular weights no greater than 1,CC0 da 1 1 
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The sequestrant is selected from polyamines and iron com- 
plexes, as these materials are unlikely to diffuse out of 
the vesicle. Further, due to the ability of the bile acids 
to exist in an uncharged state, it is preferable to provide a 
surface charge on the outer surface of the vesicle, as it would 
prevent the ingress of undesired agents, while permitting the 
bile acids that are in part uncharged at neutral pH, to pass 
through. 

The method of the present invention comprises administering 
the cholesterol reducing agent in amounts sufficient to effect 
the reduction in cholesterol level in the blood. In particular, 
the method comprises ingesting a plurality of the vesicles 
filled with the bile acid sequestrant, and preferably by oral 
administration. The vesicles may be prepared for convenience 
in capsules or the like, which may then be periodically ingested 
and thereafter release the vesicles. 

« 

The agent and method of the present invention overcome the dif- 
ficulties of interference with other bodily functions and 
medications, and discomfort, as the sequestrants are unable to 
leave the vesicles, and are selected for their specificity of 
reaction with the bile acids. 

The vesicles may be prepared from a variety of non-toxic 
polymeric materials adapted to form flexible, semi -permeabl e 
hollow structures. The filled vesicles may be prepared by 
a variety of methods known in the art. 

Accordingly, it is a principal object of the present invention 
to provide an agen: for reducing the cholesterol level in the 
blood of a warm blooded animal, which specifically acts to re- 
move bile. acids from the body of the animal. 
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It is a further object of the present invention to provide 

an agent as aforesaid which does not unfavorably interact with 

the system and organs of the animal. 

It is a yet further object of the present invention to pro- 
5 vide an agent as aforesaid which does not cause adverse side 
effects in the body. 

Other objects and advantages will become apparent to those 
skilled in the art from a consideration of the ensuing descrip- 
tion. 

10 DETAILED DESCRIPTION 

The present invention relates to an agent for reducing the 
level of cholesterol in the blood of a warm blooded animal, 
and is particularly intended for administration to humans 
to counteract the incidence of atherosclerosis- As discussed 
15 earl ier /research has determined that a relationship exists 
between the level of cholesterol in the blood, and the freq- 
uency and severity of cardio-vascular ailments and related 
death. 

The present reducing agents comprise a plurality of vesicles 
20 or hollcw spherical structures, prepared from flexible pclyr 
-eric materials that are non-toxic and cannot be digested or 
otherwise degraded by exposure to body fluids, and which pro- 
vide a selective permeability to permit the ingress of bile 
=cids. Suitable polymeric materials are well known and may 
25 optionally possess a surface elactrical charge as discussed in 
detail, infra, Thus, the vesicles may be prepared from ma- 
terials selected from the group consisting of polystyrene, 
pol yv i ny 1 chloride, pol y oxyetny 1 ene , pol ycxy prop;/ 1 ene , poly- 
acryl amide , cellulose acetate, a copolymer of polystyrene 
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sulfonate-vinyl benzyl tr imethy 1 ammoni um chloride, polyvinyl 
pyridine, polyacrylic acid and polyethylene terephthal ate. 
These materials are presented as illustrative of suitable 
polymeric materials and the invention is not limited thereto. 

The vesicles may be prepared in a variety of ways to a variety 
of sizes. Naturally, the smaller size vesicles provide a 
greater surface area for the absorption of bile acids, and 
preferably, the vesicle size may range from about 1 to about 
1000 ym. In a preferred embodiment, the vesicles of the 
present invention may be 60 ym. 

The vesicles are filled with a bile acid sequestrant which is 
specifically selected on several grounds. Firstly, it must 
be capable of precipitating bile acids without causing any 
unfavorable side effects in the body. Secondly, the sequestrant 
must be incapable of escaping from the vesicles into the 
surrounding fluid environment of the body. This further in- 
sures against any unfavorable interactions with body fluids 
and body functions, including medication prescribed for other 
purposes . 

The bile acid sequestrants are generally selected from iron 
complexes and polyamines which are non-toxic, and incapable 
of diffusing out of the vesicle once placed therein. Both 
groups of materials are additionally noted as they are par- 
ticularly effective in selectively precipitating bile acids. 
The bile acid sequestrants may be selected from the group con- 
sisting of poly N 4 N dimethyl-3,5-dimethylene piperidinium 
chloride, 1,5 dimethyl-1 ,5-diazoundecar.ethylen polymethyl bromide 
poly dial 1 y 1 dimethyl ammonium chloride, polyethyl eneimine , hy- 
d roxy 1 e thy 1 a ted po 1 y e t hy 1 en e i m i n e , ? o 1 y v i n 1 y i ,r. i n e hy d r o c h 1 o r i d e , 
poly vinyl benzyl tr imethy 1 amnon i um chloride, iron dextran com- 
plexes, and saccharated iron oxide. Cf the foregoing sequestra n 
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1,5, dimethyl -1 , 5-di azoundecamethyl en polymethylbronide is- pre- 
ferred. Naturally, however, the foregoing materials are illus- 
trative of bile acid sequestrants possessing the specificity 
in other qualities outlined earlier, however, the invention is 
5 not to be limited thereto and includes other bile acid se- 
questrants possessing comparable qualifications. 

The sequestrants of the present invention are preferably placed 
in liquid form within the vesicles, and are generally dis- 
posed in aqueous solutions. For example, poly N ,N dimethyl 

10 ' 3,5 dimethylene pi peridi nium chloride may be utilized as a 

20% aqueous solution, poly dial 1 y 1 dimethyl ammonium chloride 
may be utilized as a 15% aqueous solution, polyethyl eneimi ne 
is available as a 33% aqueous solution, and hydroxethyl a ted 
polyethyl eneimi ne may be utilized in water in a 30% solids 

15 concentration. 

The bile acid sequestrants are disposed in the vesicles in 
an amount of up to 90% by volume of the total volume of tfie 
vesicle. Thus, the vesicle is provided with an interior space 
which permits it to accept the bile acids which diffuse therein. 

20 In particular, the vesicles operate by permitting the selective 
passage of the bile acids into the bile acid sequestrant, 
whereupon a precipitation reaction occurs. The precipitate is 
thereafter retained in the complexed form within the vesicle, 
Moreover, the precipitation reaction results in the separation 

25 of certain chemically unrelated liquid components of the bile 
acids, whereby the precipitated bile acid occupies a reduced 
volume. Thus, each of the vesicles may precipitate and rezain 
a fairly large percentage of bile acid, and the vesicles will 
not be caused to expand beyond their initial^ size. Th*s has 

30 the advantage cf discouraging impaction or constipation of 

the gut, which can occur in the instance where the vesicles, 
like the prior art resin materials, exoand in size. 
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As noted earlier, vesicle size may vary depending upon the 
amount of bile acids that it is desired to remove from the 
body. In particular, individual vesicle size may range, for 
example, from 1 to 1G00 urn, and may preferably be' about 50 • 

As noted earlier, the vesicles must be permeable to the bile 
acids, and are preferably capable of selectively excluding 
those materials that are either disruptive to the bile acid 
precipitation process, or should be retained in the body fluid. 
Thus, the vesicles are provided with a plurality of pores, 
which are preferably of a size to permit the passage of bile 
acids having molecular weights up to 1,000 daltons. As 
most bile acids have moleculr weights of approximately 800 
daltons, those materials having molecular weights exceeding 
1,000 daltons are likely to be undesirable and would therefore 
be excluded. In a particular embodiment of the present in- 

o 

vention, the pore sizes of the vesicles may be about 20 A. 
Naturally, this particular pore size is illustrative of one 
embodiment of the present invention and the "i nven ti on is not 4 
contemplated as limited thereto. 

As noted earlier, the vesicles may be adapted to further 
selectively exclude extraneous ma ter i a 1 s , . by the provision 
of an electrical charge on their outer surface. Specifically, 
the charges may be disposed in the pores to selectively repel 
undesirable ionic materials. The utility of the electrical 
charge in the present invention is due to the observation 
that a neutral pH, bile acids exist in part as an uncharged 
species, and would therefore pass through the pores unaffected 
by the electrical charge. Once inside the vesicles, the bile 
acids would become ionized again, a r.d would thereafter precipi- 
tate with the sequestra nts . As -any of the materials which 
it is desired to exclude exist in the body fluids as ions, the 
electrical charge disposed on the vesicles and in the pores 
rr.iy be negative, positive or a corcinaticn of the two. 
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As discussed earlier, the polymeric materials from which the 
vesicles are prepared may be selected so as to possess the 
desired surface charge after the vesicle is formed, or the 
vesicles may be subsequently treated to provide such charge. 
5 Thus, the polymeric material may possess a particular charge, 

and suitable polymeric materials may be selected from neutrally 
charged materials, positively charged materials, negatively 
charged materials, and materials possessing both a positive 
and negative charge. For example, neutral polymeric materials 

10 may be selected from polystyrene, polyvinyl chloride, poly- 
oxyethylene, polyoxypropyl ene , polyacryl amide and cellulose 
acetate; a positively charged material may comprise polyvinyl 
pyridine; negatively charged materials may be selected from 
polyacrylic acid and polyethylene terephthal ate; and a ma- 

15 terial possessing a combined positive and negative charge 

may be polystyrene sul f onate-vi ny 1 benzyl trimethyl ammonium 
chloride copolymer. As stated earlier, the foregoing ma- 
terials are illustrative and not limitative of the invention. 

The present invention also concerns a method for reducing the 
20 cholesterol level in the blood, which comprises administer- 
ing the seques trant-f i 11 ed vesicles described above. The 
method of administration may vary in accordance with well 
known techniques, and may preferably be by oral ingestion. 
Particularly, oral ingestion may be accomplished by dispersing 
25 the vesicles in an inner liquid such as water which may then 
be swallowed by the patient, or by placing a quantity of the 
vesicles in a capsule made from a fluid soluble material such 
as gelatin, which could be orally ingested and, upon the break 
down of the capsule, would release the vesicles into the stcr.ach 
20 2nd the intestines. 

The quantity and frequency of administration may naturally 
vary and would be based primarily upon the level of cholesterol 
in the patients system. For example, the present cholesterol 



WO 82/00257 



PCT/US8I/00922 



9 

reducing agent may be administered to humans on a daily 
basis, in an amount sufficient to precipitate from about 
1 to about 3 grams of bile acid per day. The present method 
is naturally not limited to this illustrative scheme. 

The reducing agent of the present invention may be prepared 
by a variety of well known methods for spherul i zati on of' 
resins and liquid encapsulation. For example, the technique 
of coacerva ti on , wherein a contained liquid is surrounded and 
thereafter capsulated by the film former in liquid form, was 
developed and first commercialized in connection with carbon 
transfer sheets having ink retained in the transfer layer, and 
may be employed herein. 

The vesicles may also be prepared, for example, by a further 
method wherein the vesicle membrane and the sequestering 
agent may be coextruded , with a needle located in the center 
of the extrusion die. The membrane material would flow along 
the outer surface of the needle and the sequestrant would flow 
from the open end of the needle. The vesicles would be formed 
by pulsing the flow of the vesicle-forming plastic material 
to form bubbles with the liquid sequestrant entrained therein. 

The foregoing methods are merely representative of a variety 
of techniques that may be useful, and the invention is accord- 
ingly not to be limited thereto. 

The present invention will be better understood from a con- 
sideration of the following illustrative example. 
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EXAMPLE 

The vesicles were prepared from a copolymer of polystyrene 
sulfonate and vinylbenzyl trimeuhyl a^oni jm chloride and 
were filled with a quantity of 1,5 d imethy 1 - 1 , 5-d i azoundecam- 
ethylene polymethyl bromide in aqueous .sol uti on . The film 
forming material was injected around a needle-like structure 
having a central orifice from which the sequestrant issues. 
The resin flow was provided in a pulsating manner and spherical 
vesicles were thereby formed* The vesicles were found to be 

o 

approximately 15 ym in size with pores averaging 20 A in size. 
The vesicles possessed both positive and negative surface 
charges at the pores, and the sequestrant occupied approxi- 
mately 90% of their volume. 
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WHAT IS CLAIMED IS : 

1. An agent for reducing the cholesterol level in the blood 
of a warm blooded . animal comprising a plurality of vesicles 
prepared from a non-toxic, non-biodegradable, semi-permeable 
material and a quantity of a bile acid sequestrant provided in 
liquid form. 

2. The agent of Claim 1 wh-ere'in said sequestrant is present 
in said vesicles in an amount by volume of up to about 9G% 
of the volume of said vesicle. 

3. The agent of Claim 1 wherein said sequestrant is selected 
from the group consisting of tetra heptyl ammoni urn chloride, 
poly N , N dimethyl-3,5-dimethylene piperidinium chloride, 

1,5 dimethyl-l ,5-diazoundecamethyl ene polymethyl bromide, 
polyethyleneimine, hydroxyethyl ated polyethyl eneimi ne , poly- 
vinylamine HC1 , polyvinyl benzyl tri methyl ammon i urn chloride, 
iron dextra-n complex and saccharated iron oxide. 

4. The agent of Claim 1 wherein said vesicles .are prepared 
from a material selected from the group consisting of poly- 
styrene, polyvinyl chloride, polyoxyethyl.ene , polyoxypropy 1 ene , 
polyacrylamide, cellulose acetate, a copolymer of polystyrene 
sul fonate-vinyl benzyl trimethyl ammon i urn chloride, polyvinyl 
pyridine, polyacrylic acid and polyethylene terephthal ate . 

5. The agent of Claim 1 wherein said vesicles selectively 
permit the passage therein of bile acids having a molecular 
•.-.eight no greater than about 1 ,000 daltons. 

5. The agent of Claim 1 wherein said vesicles are disposed 
v.ithin a digestible capsule, and said capsule is administered 
orally. 
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1 7. The agent of Claim 1 wherein said vesicles are prepared 

2 from a non-toxic, semi -permeabl e material which possesses at 

3 least one electrical charge along the surface thereof. 

1 3. The agent of Claim 7 wherein said electrical charge is a 

2 combination of positive and negative charges. 

1 9. The agent of Claim 1 wherein said vesicles range in size 

2 from about 1 to about 1000 ym. 

1 10. The agent of Claim 1 wherein said vesicles define a plural- 

o 

2 ity of pores having a size of about 2QA. 

1 11- A method for lowering the level of cholesterol in the blood 

2 of a warm blooded animal which comprises administering an 

3 effective amount of a non-toxic bile acid sequestrant, said 

4 bile acid sequestrant provided in liquid form within a plur- 

5 alit>y of selectively permeable, non-biodegradable vesicles. 

* 

1 12. The method of Claim 11 wherein said sequestrant is selected 

2 from the group consisting of tetra heptyl ammonium chloride, 

3 poly N , N dimethyl-3,5-dimethylene piperidinium chloride, 1,5 

4 dimethyl-1 , 5-diazoundecamethyl ene polymethy 1 br omi de , polyethyl- 

5 ene i mi ne , hydroxy ethyl a ted po lye thy 1 ene i mi ne , poly vi nyl ami ne 

6 HC1 , polyvi nyl benzyl tr imethyl ammoni urn chloride, iron dextran 

7 complex and saccharated iron oxide. 

1 13. The method of Claim 11 wherein said vesicles are zrepared 

2 from a material selected from the group consisting of polystyrene, 

3 polyvinyl chloride, pol yoxy ethyl ene , polyoxypropy 1 ene , poly- 

4 2 cry"; amide , cellulose acetate, a copolymer of polystyrene sul- 

5 fcnate-vinyl benzyl trimethyl ammonium chlorine, polyvinyl 

5 c/ridlne, polyacrylic acid and polyethylene tereph thai ate. 



OMPI 



WO 82/00257 



PCT/US81/00922 



13 

1 U. The method of Claim 11 wherein said vesicles define a 

2 • plurality of pores having size of about 20A. 

1 IS. The method of Claim 11 wherein said vesicles range in 

2 sise from about 1 to about 1000 ym. 

T 16. The method of Claim 11 wherein said vesicles selectively 

2 permit the passage therein of bile acids having a molecular 

3 weight no greater than about 1,000 daltons. 

1 17. The method of Claim 11 wherein said sequestrant occupies 

2 no more than about 90S of the volume of said vesicles. 

1 18. The method of Claim 11 wherein said vesicles are dis- 

2 posed within a digestible capsule, and said capsule is adminis- 

3 tered orally. 

1 19. The method of Claim 11 wherein said vesicles are pre- 

2 pared from a non-toxic, semi -perraeabl e material which possesses 
•3 at least one" el ectri cal charge along the surface thereof. 

1 20. The method of Claim 19 wherein said electrical charge is 

2 a combination of positive and negative charges. 
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